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[57] ABSTRACT 


A video tracking system that produces voltages repre- 
sentative of the location of a designated target relative 
to the tracking axis of a transducer. An error detector 
unit compares the position of a target, of selected in- 
tensity contrast, to that of a tracking gate and updates 
the gate position to track the target. The error detec- 
tor unit includes a combination of two integrators cou- 
pled in series with two or more gate circuits that are 
synchronized with the tracking gate. The tracking re- 
sponse characteristic may be selected for optimum 
performance with expected target profiles by variation 
of the relative signal gain and timing of the gate 
circuits. 


11 Claims, 15 Drawing Figures 
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GATED VIDEO CENTROID TRACKER 

This invention relates generally to tracking systems 
and particularly to video tracking systems having im- 
proved accuracy and stability. 

Tracking systems broadly comprise the circuit means 
for providing voltages representative of the location of 
a designated object relative to the field of view of a 
sensor. Systems of this general nature have usually 
been mechanized so as to compare gated energy on 
alternate sides of a tracking reference (area balance 
systems), or to compare the positions of the leading 
and trailing edges of gated signals relative to a tracking 
reference position (contrast gradient systems). Al- 
though such systems have been found satisfactory for 
many applications, the accuracy and stability of these 
trackers become marginal for operations involving 
large variations in target area. Also false targets (clut- 
ter signals) of both high to low and low to high intensity 
level transitions have adverse effects on the perform- 
ance of prior trackers. 

It is therefore an object of this invention to provide a 
tracking system which is stable and accurate. 

It is a further object of this invention to provide a 
tracking system which possesses stable tracking error 
determining characteristics over large variations in size 
of target profiles. 

It is a still further object of this invention to provide 
a tracking system with improved clutter rejection capa- 
bilities. 

It is another object of this invention to provide a 
tracking system which maintains an improved aiming 
point relative to the target center. 

The aforesaid and other objects and advantages are 
accomplished according to the present invention in a 
tracking system that utilizes a transducer including a 
sensor located at the image plane of an optic system. 
The sensor is responsive to energy received from a 
sector in space and is sequentially scanned by an output 
circuit of the transducer to develop area signals that are 
amplitude representative of the relative intensity of the 
received energy. The tracker portion of one embodi- 
ment of the system, in accordance with the principles 
of this invention, measures the deviation of the cen- 
troid of processed area signals (the center of gravity of 
a designated image on the sensor) from a tracker frame 
of reference, such as display crosshairs or tracker gate 
position, and makes corrections to the position of this 
tracker reference to null that distance. The position 
voltages, which are the analog of the tracker reference 
positions, are then representative of the location of the 
object image on the sensor and thus the position of the 
object in the coordinate system of the transducer. Any 
change in the relative position of the designated object 
due to motion between sensor and the object is de- 
tected and the position voltages are quickly and accu- 
rately updated to provide effective tracking. 

The tracker portion of the system in accordance with 
the principles of this invention may include a mean 
level processor, an automatic gain control (AGC) 
means, a gate generator and a pair of centroid error 
detectors. 

The position output signals of the tracker are coupled 
to the gate generator and control the timing of the 
gating signals relative to the transducer scan pattern. 
Area signals which are developed by the output circuit 
of the transducer are coupled to an input circuit of the 
mean level detector wherein the area signals are gated 
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in response to gating signals developed by the gate 
generator. The DC (Direct Current) level of the gated 
area signals is eliminated in the mean level processor by 
developing a correction signal equal to the average 
value of the gated area signals and subtracting the cor- 
rection signal from the area signals. The resultant sig- 
nals are processed by an output circuit of the mean 
level processor which allows selection of signal polarity 
so that only signals of the same intensity contrast as the 
target are processed by the input circuit of the AGC 
means. The selected polarity output signals of the 
means level processor are amplified, thresholded and 
normalized in the AGC unit such that the integral of 
the output signal of the AGC unit is maintained at a 
predetermined constant value. These output signals of 
the AGC unit are then coupled to input circuits of two 
centroid error detectors (one detector for each track- 
ing dimension). According to one practical embodi- 
ment of this invention the centroid error detector in- 
cludes two parallel circuits, one circuit coupling the 
input signal to a summation filter and the other circuit 
integrating the input signal prior to coupling the inte- 
grated signal through a gating circuit to the summation 
filter. The output voltage of the summation filter is 
coupled to a second integrator which develops the 
position voltages representative of the relative location 
of the centroid of the target. According to another 
practical embodiment of this invention the centroid 
error detector includes a gated first integrator circuit 
coupling the input circuit of the error detector to a pair 
of gating circuits. The output voltages of the gating 
circuits are subtracted in an input circuit of a second 
integrator, which develops the position voltages repre- 
sentative of the relative location of the centroid of the 
target. 

The novel features which are believed to be charac- 
teristic of the invention both as to its organization and 
method of operation, together with further objects and 
advantages thereof, will be better understood from the 
following -description considered in connection with 
the accompanying drawings in which like characters 
refer to like parts and in which: 

FIGS. 1A and 1B are block and circuit diagrams 
showing the tracking system in accordance with this 
invention; 

FIG. 2 is a schematic diagram of a suitable integrator 
circuit for the system of FIGS. 1A and 1B; 

FIG. 3 is a diagram of the screen of the display tube, 
that may be utilized in the system of FIGS. 1A and 1B, 
for explaining the operation of the system in accor- 
dance with the invention; 

FIGS. 4 and 5 are diagrams of voltage vs. time wave- 
forms for explaining the operation of the system in 
accordance with the invention; 

FIG. 6 is a block diagram for further explaining one 
embodiment of the error detector in accordance with 
this invention; 

FIG. 7 is a diagram showing the error characteristics 
of a contrast gradient type tracking system; 

FIG. 8 is a diagram showing the error characteristics 
of the system in accordance with the invention; 

FIG. 9 is a block diagram for explaining a second 
embodiment of the error detector in accordance with 
this invention; 

FIG. 10 is a diagram of waveforms time as a function 
of voltage for explaining the gate timing sequence for 
the error detector of FIG. 9; 
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FIG. 11 is an impulse error curve corresponding to 
the error detector of FIG. 9 and the gating sequence of 
FIG. 10; 

FIG. 12 is a diagram of waveforms showing a second 
gate timing sequence for the error detector of FIG. 9; 

FIG. 13 shows an impulse error curve corresponding 
to the error detector of FIG. 9 and the gating sequence 
of FIG. 12; and 

FIG. 14 is a functional block diagram showing a guid- 
ance system incorporating the principles in accordance 
with the invention. 

Referring first to FIGS. 1A and 1B, a TV (television) 
camera 50, which may be a conventional vidicon unit, 
includes an optical network 40 for forming images on a 


i sensor 42 in response to energy received from a sector 


‘ of space. A signal output circuit 44 of TV camera 50 


develops video signals at a terminal 52, which are am- 
plitude representative of the energy received by incre- 
ments of area of sensor 42 as the sensor is scanned by 
output circuit 44. The scan pattern of the output circuit 
44 is controlled in a conventional TV scan pattern by a 
scan control circuit 46 that also provides horizontal 
and vertical deflection signals at output terminals 54 
and 56 respectively and for providing horizontal and 
vertical synchronization (sync) signals at output termi- 
nals 58 and 60 respectively. 

The video signals at terminal 52 of TV camera 50 are 
amplified by a conventional video amplifier 82, which 
is the input stage of a mean level processor 80, and the 
output signals of the amplifier 82 are applied to an 
output terminal 84. These amplified video signals at 
terminal 84 are AC (alternating current) coupled by a 
capacitor 86 to a junction 88. A suitable conventional 
diode 90 has an anode connected to the junction 88 
and a cathode connected to a suitable fixed reference 
potential such as ground. The diode 90 in conjunction 
with the capacitor 86 and the outut impedance of video 
amplifier 82 forms a conventional DC restorer or 
clamp circuit. The purpose of the clamp circuit is to 
maintain a predetermined DC level at the junction 88 
substantially independent of level variations in the 
video signals at the output terminal 84. The potential at 
junction 88 is coupled through a resistor 92 to a junc- 
tion 94. A signal at a junction 122, which will be de- 
scribed subsequently, is applied through a resistor 98 to 
the junction 94 and is then summed across a resistor 
100 with the potential applied through the resistor 92. 
The signal at the terminal 94 is gated by a conventionai 
video gating circuit 102 in response to gating pulses 
applied to a terminal 104 of the gating circuit 102 from 
an output terminal 302 of a gate generator 300. The 
circuit for providing these gating pulses will be de- 


' scribed in a later portion of the specification, but for 
: now it may be assumed that the gating pulses are ap- 
; proximately coincident in time with the area signals, 
| Yepresentative of a designated object image on the 
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sensor 42 of the TV camera 50. Subsequent description 
will explain how the acquisition and tracking operation 
of the system in accordance with the principles of this 
invention will justify the aforestated assumption. 

The output signal of the gating circuit 102 at a termi- 
nal 106 is coupled through a resistor 108 to a circuit 
junction point 110 which is jointly coupled to a resistor 
112, a capacitor 114 and the resistor 108. The capaci- 
tor 114 is connected between said junction 110 and 
ground and the resistor 112 is coupled between the 
junction point 110 and an input terminal 116 of a con- 
ventional operational amplifier 118. A capacitor 120 is 
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connected across the input terminal 116 and an output 
terminal 122 of the operational amplifier 118 to form 
an integrator configuration. The function of the just 
described feedback circuit, which circuit couples a 
portion of the signal at the output terminal 106 of the 
gate 102 to the input terminal 94, is to eliminate the 
DC value of the gate video signals at the output termi- 
nal 106. 

The response time of the filter combination of resis- 
tor 108 and capacitor 114 is made much longer (1 
millisecond for example) than the total gating period 
(20 microseconds for example) of one frame so that 
the net charge added to or subtracted from capacitor 
144 through resistor 108 and gate 102 during one 
frame will be proportional to the mean level of video 
appearing within the gate on that frame. The response 
time of the filter combination of resistor 112 and ca- 
pacitor 114 is made intermediate (5 milliseconds for 
example) between the duration of a vertical gate period 
(650 microseconds for example) and a frame period 
(16.6 milliseconds for example) so that capacitor 114 
will discharge very little during a vertical gate period 


‘but capacitor 114 will discharge almost completely 
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before the next succeeding vertical gate period. 

Since junction 116 is a virtual ground and amplifier 
118 has a high input impedance, the change in charge 
on capacitor 120 from one total gate period to the next 
will be substantially equal to the net charge added to or 
subtracted from capacitor 114 during the first gate 
period. Thus the change in voltage at junction 122 
between gate periods will be inversely proportional to 
the value of capacitor 120 and proportional to the 
mean level of video within the gate of the preceding 
frame. This permits setting the closed loop response 
time of the mean level processor 80 to the optimum 
value (0.5 second for example) for a particular system 
application by choosing the appropriate value for ca- 
pacitor 120. A frame is defined as the period of time 
during which the output circuit of said TV camera 50 is 
making one complete scan of the sensor. Therefore the 
feedback circuit between the output and input termi- 
nals of the gate 102 develops a voltage equal to the 
average value of the gated video and subtracts this 
voltage from the video signal coupled through the resis- 
tor 92. 

The gated video signals at the output terminal 106 of 
the gate 102 are applied through a capacitor 128 to 
input circuits of conventional video amplifiers 130 and 
132. The phase of the output signal of the amplifier 130 
is the same as that of the input signal and the phase of 
the output signal of the amplifier 132 is of opposite or 
inverted phase from that of the input signal. A suitable 
switch such as a mechanical switch 134 allows the 
selection of the output signal of either amplifier 130 or 
132. The output terminal of switch 134 is coupled 
through a lead 136 to a capacitor 152 which is an input 
element of an AGC unit 150. The gated video signals 
applied to the capacitor 152 are amplified, normalized 
and thresholded within the AGC unit. 

The signals applied through the capacitor 152 pro- 
duce a voltage at a junction 156 which is a function of 
the relative impedance of a resistor 154, and a pair of 
conventional diodes 158 and 160. The resistor 154 is 
connected between the capacitor 152 and the junction 
156 and the diode 158 has a cathode connected to the 
junction 156 and an anode coupled to a junction 162. 
Also connected to the junction 156 is an anode termi- 
nal of the diode 160 which has its cathode terminal 
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connected to ground. A capacitor 166 is coupled be- 
tween the junction 162 and ground to provide an AC 
signal path from junction 156 through diode 158 to 
ground. A low frequency current I; is applied through a 
resistor 164 and through the diodes 158 and 160 to 
ground, the value of I, determining the bias point and 
the impedance of these diodes. As the value of I; is 
varied, the percentage of the signal coupled from ca- 
pacitor 152 to the junction 156 also varies. Thus the 
gain of the gated video signals may be regulated by 
controlling the value of I,. 

The gated area signals at the junction 156 are applied 
through a capacitor. 168 to a conventional amplifier 
170 which has an output terminal 169 coupled to an 
cathode of a conventional diode 171 the anode of 
which is connected to ground. The diode 171 essen- 
tially shorts the negative voltage portions of the output 
signal of the amplifier 170 to ground while the positive 
voltage portions of the output signal are coupled to the 
input terminals of a pair of conventional amplifiers 173 
and 172. The phase of the output signal of amplifier 
172 at a terminal 174 is the same as the phase of the 
input signal to the amplifier 172 and the phase of the 
output signal of the amplifier 173 at a terminal 176 is 
the complement of the input signal applied to said 
amplifier 173, a 

The signal at the terminal 176, S(t), is coupled 
through a resistor 178 to a junction 180, and a suitable 
positive voltage source is coupled through a resistor 
179 to junction 180. A capacitor 182 is coupled be- 
tween the junction 180 and ground and a resistor 184 is 
connected between the junction 180 and the input 
terminal 186 of a conventional operational amplifier 
188. A capacitor 190 is coupled across the input termi- 
nal 186 and the output terminal 192 of the operation 
amplifier 188 to form an integrator configuration. The 
output signal at the terminal 192 is the current I, which 
regulates the gain of the input stage of the AGC unit 
150 in such a manner that the integral of the signal S(t) 
at the terminal 176 is maintained at a predetermined 
constant value. In the feedback loop between terminals 
176 and 162, that was just described, elements 178 and 
182 may be considered as one filter section, elements 
184, 188 and 190 as a second filter and elements 164 
and 166 as a third filter. The relative time response of 
these filters is determined by the same considerations 
as described for the corresponding filter sections in the 
feedback loop around the gate 102. 

The signal S(t) at the terminal 176, is coupled to the 
input of a conventional video gate 202, which is a part 
of an input circuit of a horizontal error detector unit 
200. The gating signal at the terminal 302 of the gate 
generator 300 is coupled to a gate input terminal 204 of 
the gate 202. In response to this gating signal, the gate 
202 passes the signal S(r) to an input terminal 206 of a 
reset integrator 208. The output signal of the reset 
integrator 208, at a terminal 210, is the integral of the 
gated signal S(t) at the terminal 206. As will be ex- 
plained subsequently, the gain constant of the integra- 
tor 208 is equal to 2/7H where 7H is the time period of 
the horizontal gating pulses applied to the integrator 
from the terminal 302 of the gate generator 300. This 
output signal of the reset integrator 208 is clamped to 
ground potential, for example, at the start of each hori- 
zontal scan, by the horizontal sync. pulses (H,) coupled 
to a terminal 212 from the output terminal 58 of the 
TV camera 50. Any suitable reset integrator may be 
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used for the circuit 208, and one such integrator that 
has proven satisfactory is shown in FIG. 2. 

Referring now to FIG. 2, the signal S(t) is coupled to 
the input terminal 206 which is connected to a base 
terminal of a conventional p-n-p transistor Q1, which 
may be a type 2N1132 for example. The input terminal 
206 is also coupled through a resistor R1 to ground. 
Transistor Q] has an emitter terminal coupled through 
a resistor R2 to ground and a collector terminal cou- 
pled through a resistor R3 to a suitable negative DC 
voltage supply. The amplified signal S(1) is coupled 
from the collector of the transistor Q1 to a base termi- 
nal of a conventional n-p-n transistor Q2, of a 2N1711 
type for example. An emitter terminal of the transistor 
Q2 is coupled through a resistor R4 to a suitable nega- 
tive DC voltage supply, and a collector terminal of the 
transistor Q2 is connected to a junction J1. A capacitor 
C1 is coupled between the junction J1 and ground. The 
current I1, that is generated by the transistor Q2, is 
directly proportional to the voltage of the signal cou- 
pled to the input terminal 206 and therefore the poten- 
tial across the capacitor C1 is the integral of the input 
voltage S(t). The sync. pulses when applied to the ter- 
minal 212 develops a voltage across a resistor R5 which 
is coupled between the terminal 212 and ground, which 
voltage is applied through a resistor R6 to a base termi- 
nal of a conventional p-n-p transistor Q5, of a 2N1132 
type for example. An emitter terminal of the transistor 
Q§5 is connected to ground and a collector terminal is 
connected through a resistor R7 to a suitable negative 
DC voltage supply. The collector terminal of the tran- 
sistor QS is also coupled to a base terminal of a conven- 
tional n-p-n transitor Q6, of a 2N1711 type for exam- 
ple. A collector terminal of the transistor Q6 is con- 
nected to ground and an emitter terminal of the transis- 
tor Q6 is coupled to an anode terminal of a conven- 
tional diode D1. The cathode of the diode Di is con- 
nected to the junction J1. In operation, the capacitor 
Cl is charged to a negative potential by the current I1 
during the time period between horizontal sync. pulses 
and upon the application of the sync. pulse to terminal 
212 the current from the collector terminal of the tran- 
sistor Q5 drives the transistor Q6 into saturation and 
capacitor C1 is discharged through the low impedance 
of the dioide D1 and transistor Q6 to ground. The 
voltage at the junction J1 is applied to a gate terminal 
of a field effect transistor Q3, of a TA2330 type for 
example, which possesses an high input impedance. A 
drain terminal of the transistor Q3 is coupled through a 
resistor R8 to a suitable positive voltage supply and 
through a capacitor C2 to ground. A resistor R9 is 
connected between a suitable negative voltage supply 
and a source terminal of the transistor Q3, which 
source terminal is also coupled to a base terminal of a 
conventional p-n-p transistor Q4 of a 2N1132 type, for 
example. The collector of the transistor Q is coupled 
through a resistor R10, to a suitable negative voltage 
supply and an emitter terminal of the transistor Q4 is 
coupled through a resistor R11 to ground. The signal at 


_ the emitter terminal of the transistor Q4, which is ap- 


plied to the output terminal 210, is essentially at the 
same potential as the signal at the junction J1 but trans- 
formed to a much lower impedance level. 

Referring again to FIGS. 1A and 1B, the signal at the 
output terminal 210 of the reset integrator 208 is gated 
by a conventional video gate 214 in response to the 
gating signal coupled to a terminal 216 from the output 
terminal 302 of the gate generator 300. The output 
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signal of the gate 214 is coupled through resistor 218 to 
a summation junction 220. In a similar manner the 
signal at the terminal 174, S(t), is gated by a conven- 
tional video gate 222 in response to the gating signal 
coupled to a terminal 224. A resistor 226 couples the 
output signal of gate 222 to the summation junction 
220 where the signal is summed with the output signal 
of the gate 214 across a capacitor 228 which is coupled 
between the junction 220 and ground. The potential at 
the junction 220 is applied through a resistor 230 and a 
switch 232 to an input terminal 234 of a conventional 
operational amplifier 236. A capacitor 238 is con- 
nected between the input terminal 234 and an output 
terminal 240 of the operational amplifier 236 to form 
an integrator 231. The potential at the terminal 240 P,,, 
is representative of the location of the centroid of the 
designated target relative to the horizontal center of 
the sensor of the TV camera 50. 

The voltage P,, is coupled on a lead 246 to a resistor 
303 and then to an input junction 304 of the gate gen- 
erator 300. In addition, the horizontal deflection signal 
is applied from the terminal 54 of the TV camera 50 
through a capacitor 306 and a resistor 308 to the junc- 
tion point 304. Also a calibration voltage is applied 
from a wiper terminal of a potentiometer 310 through 
a resistor 312 to the junction 304. The potentiometer 
310 is connected between suitable positive and nega- 
tive DC voltage supplies. The aforementioned voltages 
applied through the resistors 303, 308 and 312 are 
summed across a resistor 314 that is coupled between 
the terminal 304 and ground. The potential at the junc- 
tion 304 is applied to an input terminal of a conven- 
tional Schmitt trigger circuit 316 and when the poten- 
tial at the junction 304 exceeds a predetermined volt- 
age level, for example ground potential, the potential at 
an output terminal 318 of the Schmitt trigger circuit 
316 changes from a low level to a high level value. This 
signal at the terminal 318 is applied through a capacitor 
320 to a junction 322. A resistor 324 is coupled be- 
tween the junction 322 and ground and the signal at 
that junction is representative of the differential of the 
signal at the terminal 318. This signal at the terminal 
322 is coupled to the input terminal of a conventional 
monostable multivibrator 326. Each time a positive 
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pulse is applied to the junction 322, the output signal of 45 


the multivibrator at an output terminal 328 is a positive 
pulse of a predetermined time duration, for example 2 
microseconds. A signal is also applied to an output 
terminal 330 of the multivibrator 326 as the comple- 
ment of the signal at the terminal 328. 

A vertical error detector 250 is mechanized substan- 
tially the same as the horizontal error detector 200 
previously described. However, in the vertical error 
detector a reset integrator 252 is reset by the vertical 
sync. pulses (V,) coupled to a terminal 254 from the 
terminal 60 of the TV camera 50. Also the gain con- 
stant of the reset integrator 252 is equal to 2/n7,, where 
7 is the horizontal gate time duration period and n is 
the number of horizontal gates per vertical gate. The 
output voltage, P,, of the vertical error detector, is 
applied from an output terminal 256 on a lead 258 to 
an input junction 331 of the gate generator 300. The 
signal P, is representative of the location of the cen- 
troid of the target in the vertical dimension of the sen- 
sor. 

The vertical deflection signal is applied from the 
terminal 56 of the TV camera 50 to the junction 331 
and there summed with the signal Py in the same man- 
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ner as described for the summation performed at junc- 
tion 304. The signal at the junction 331 is processed by 
a Schmitt trigger circuit 332, a capacitor 334, resistor 
336 and a conventional monostable multivibrator 338 
substantially as described previously for elements 316, 
320, 324 and 326 respectively. The output signal fo the 
multivibrator 338 at a terminal 340 is at a high level 
during a predetermined time period, for example 650 
M sec (microseconds), and the timing of this signal 
relative to the scan pattern of TV camera 50 controlled 
by the position voltage Py. The output signal at the 
terminal 342 of the multivibrator 338 is the comple- 
ment of the signal at the terminal 340. 

The signals at the output terminal 328 of the multivi- 
brator 326 which are positive horizontal gating signals, 
are synchronized to the horizontal readout scan of the 
TV camera 50. The output signals at terminal 340 of 
the multivibrator 338 which are positive vertical gating 
signals, are synchronized to the vertical readout scan of 
the TV camera 50. These horizontal and vertical gating 
signals are coupled to the input terminals of a conven- 
tional AND gate 344. The output gating signal at the 
terminal 302 is at the high level state only during the 
period when the signal at the terminals 340 and 328 are 
simultaneously at the high level states. 

The positive horizontal gating signals at the terminal 
328 are also applied through a capacitor 354 to an 
input junction 352 of a crosshair generator 350. A 
resistor 356 is coupled between the terminal 352 and a 
ground so that the voltage at the terminal 352 is the 
differential of the signal at the terminal 328. The posi- 
tive pulses of the signal at the terminal 352 are applied 
through a resistor 358 and a conventional diode 360 to 
an input terminal 362 of a conventional video amplifier 
364. The positive pulses passed by the diode 360 are 
coincident with the leading edges of the horizontal 
gating signals. 

In a similar manner the negative horizontal gating 
pulses at the terminal 330 are processed by a differenti- 
ating circuit 366 to provide positive pulses, coincident 
with the occurrence of the trailing edges of said hori- 
zontal gating signals, which are coupled to said input 
terminal 362. 

The positive vertical gatng signals at the terminal 340 
are applied to an input terminal of a differentiating 
circuit 368 and the output pulses of the circuit 368 are 
coincident with the leading edges of the vertical gating 
signals. These output signals of the circuit 368 are also 
coupled to said input terminal 362. The negative verti- 
cal gate signals at the terminal 342 are processed by a 
differentiating circuit 370 to produce pulses coincident 
with the trailing edges of the vertical gating signals. The 
output signals of the circuit 370 are supplied to the 
input terminal 362. The video amplifier 364 amplifies 
the signals coupled to the input terminal 362 and ap- 
plies these amplified signals to a junction 366. The 
amplified video signals at the terminal 84 are applied 
through a resistor 368 to the junction 366 where these 
video signals are combined with the output signal of the 
amplifier 364 across a summation resistor 370. The 
resistor 370 is coupled between the junction 366 and 
ground and the potential at the junction 366 is applied 
to a signal input terminal 372 of a conventional TV 
monitor 374. 

Also coupled to the TV monitor 374 are the horizon- 
tal and vertical sync. signals from the output terminals 
58 and 60 respectively of the TV camera 50. The TV 
monitor 374, as is well known in the art, includes (not 
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shown) a display surface, deflection circuits, and an 
electron beam for forming images on the display sur- 
face in response to the video signals coupled to the 
input terminal 372. The display electron beam is posi- 
tioned by the deflection circuits in response to the 
horizontal and vertical sync. pulses received from the 
TV camera 50. 

Referring again to the horizontal error detector cir- 
cuit 200 shown in FIG. 1B, the switch 232 has a second 
input terminal 233 which couples a current from a 
resistor 235 to the input terminal 234 of the opera- 
tional amplifier 236 when switch 232 is in the position 
opposite from that shown. The resistor 235 is con- 
nected to the wiper of a potentiometer 237 which is 
coupled between a junction 238 and a resistor 241. The 
resistor 241 is coupled to a suitable source of negative 
voltage and a resistor 243 couples the junction 239 to 
a suitable source of positive voltage. Also the position 
voltage P,, is coupled from the terminal 240 through a 
resistor 245 to the junction 239. It is to be noted at this 
time that in manual operation (switch 232 in the oppo- 
site position from that shown) the current coupled 
through the resistor 235 is integrated by the integrator 
231 and the value of the voltage P,, is regulated such 
that the potential at the wiper element of potentiomter 
237 is driven to zero potential. 

The vertical error detector 250 includes a potentiom- 
eter 253 and a switch 257 which are connected in a 
manner identical to that just described for the horizon- 
tal error detector 200 except that the position voltage 
Py is coupled through a summing resistor to the poten- 
tiometer 253. 

It will be recalled that the video signal at the output 
terminal of the video amplifier 82 is representative of 
the relative energy intensity of the portion of the sensor 
being scanned by the video output circuit of the TV 
camera 50. This video signal is summed with timing 
signals, representative of the leading and trailing edges 
of said horizontal and vertical gating signals produced 
by said crosshair generator 350, and coupled to the 
signal input terminal 372 of the TV monitor 374. In 
response to this input signal at the terminal 372, TV 
monitor 374 produces images on a display surface 
which are synchronized by the horizontal and vertical 
sync. pulses and which are representative of the rela- 
tive intensity of the energy focused on the sensor of TV 
camera 50. Also the display surface of monitor 374 
includes a pair of vertical intensified lines representa- 
tive of the leading and trailing edges of the horizontal 
gating pulses and a pair of horizontal intensified lines 
representative of the leading and trailing of edges of the 
vertical gating pulses. A representative diagram of the 
display surface of the TV monitor 374 is shown in FIG. 
3 wherein the leading and trailing edges of said hori- 
zontal gating signals are represented by vertical intensi- 
fied lines or crosshair designated 375 and 377 respec- 
tively. The leading and trailing edges of said vertical 
gating signals are represented by horizontal intensified 
lines designated 381 and 383 respectively. Also in- 
cluded in the representative display of FIG. 3 are im- 
ages of terrain, 379, within the field view of said TV 
camera 50 and a target image 380. 

The system of FIGS. 1A and 1B has two modes of 
operation, manual (acquisition) and automatic (track). 
The operation of the system is initiated in the acquisi- 
tion mode which will be discussed with reference to 
FIGS. 1A, 1B and 3. An operator, while observing the 
display tube screen shown in FIG. 3 selects an object to 
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be tracked by superimposing the intersection of the 
vertical 375, 377 and horizontal 381, 383 crosshairs 
around the designated object image 380 on the TV 
monitor 374, These cross-hairs are manually position- 
able by movement of the wiper elements of potentiom- 
eters 237 and 253 (FIG. 1B) when the switches 232 
and 257 are in the opposite position from that shown. 
In this acquisition mode the output signals Py and Py of 
error detectors 200 and 250 are determined by the 
position of the controls 237 and 252. As shown in FIG. 
3 the signals P, and P,, are the voltage analogs of the 
positions of the center of the horizontal and vertical 
crosshairs, respectively, relative to the center of the 
display tube screen. 

After the operator has designated the object to be 
tracked by the acquisition procedure just described the 
automatic (track) mode is initiated by manually inacti- 
vating switches 232 and 257 to the positions shown in 
FIG. 1B. In this mode of operation, the center of the 
rectangle formed by the intersection of the display 
crosshairs automatically tracks the approximate cen- 
troid of the designated image on the monitor display of 
FIG. 3 and the voltages Py and P, are indicative of the 
vertical and horizontal centroids respectively of the 
image relative to the center of the sensor of TV camera 
50 as well as the center of the display tube. 

The basic timing of the system of FIG. 1A and 1B as 
well as the unique features of the mean level processor 
80 and the AGC unit 150 may be explained by refer- 
ence to the signal waveforms of FIGS. 4 and 5 as well 
as to the system diagram of FIGS. 1A and 1B. Although 
a conventional TV timing sequence has been selected 
for the embodiment of FIGS. 1A and 1B, any suitable 
timing base could be utilized in accordance with the 
principles of the invention. One of the basic timing 
signals of the system of FIGS. 1A and 1B are the verti- 
cal sync. pulses shown by a waveform 61 of FIG. 5. 
These vertical sync. pulses developed at a terminal 60 
of TV camera 50 (FIGS. 1A and 1B) control the verti- 
cal scan of the TV monitor 374 as well as the reset 
sequence ‘of the vertical error detector integrator 252. 
The horizontal sync. pulse of a waveform 59 (FIG. 4) 
controls the horizontal scan timing of TV monitor 374 
as well as the reset periods of integrator 208 of the 
horizontal error detector 200. The horizontal and verti- 
cal deflection waveforms produced by the TV camera 
50 are shown in waveforms 54 (FIG. 4) and 57 (FIG. 
5). As described previously, these deflection wave- 
forms provide the synchronization basis for the gate 
generator 300. The basic timing of the vertical gating 
signals at terminal 340 of gate generator 300 are shown 
by a waveform 341 of FIG. 5 as 0.65 milliseconds (m 
sec.) which is approximately the period of ten horizon- 
tal readout scans of TV camera 50. However, it will be 
understood that the duration of the horizontal and 
vertical gating signals are designed parameters that 
may be selected for any given system application. 

Referring now to FIGS. 1A, 1B and 4, the video 
signal produced at terminal 52 of camera 50 and the 
horizontal gating signal at terminal 328 are shown by 
waveforms 53 and 329, respectively. As previously 
described, the signal of waveform 53 is gated in re- 
sponse to the horizontal gating signal in the mean level 
detector 80 to eliminate undesirable signals that are not 
in close time (space) coincidence with a selected tar- 
get. Also the video signal of waveform 53 is processed 
in the mean level detector in such a manner that the 
average value of the gated signal is at zero or ground 
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potential, as shown by a waveform 131. The time scale 

of the gate signal has been expanded in waveforms 131, 

133 and 175 in the interest of clarity. It is to be recalled 

that the waveform 133 at the output of amplifier 132 is 

of opposite polarity from that of waveform 131 at the 5 
output of amplifier 130 and by means of switch 134 the 
operator may select the output of either of the afor- 
mentioned amplifiers. Since the AGC unit 150 only 
allows the positive position of the signal coupled to the 
switch 134 to be processed by the error detectors 200 
and 250, target tracking may be enhanced by contrast 
selection. For example the signal of waveform 131 may 
be representative of a portion of the horizontal scan 
pattern designated by the letter “A” in FIG. 3. The 
positive peak of the waveform 131 would then corre- 
spond to the aircraft 380 which is of higher relative 
intensity than the nearby terrain. By selecting the out- 
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_ put of the signal of amplifier 130 at switch 134, only the 
signal representative of the aircraft (as shown by wave- 
form 175) would be coupled by the AGC unit to the 
error detectors 200 and 250. Also, by selecting the 
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two parallel circuit paths in the error detector 200. In 
one circuit path the signal S(z) is gated by a gating 
signal G(r) prior to being integrated by reset integrator 
208 which is reset to zero potential at the occurrence of 
the horizontal sync. pulse coupled from the TV camera 
50. The output signal of integrator 208 is gated in re- 
sponse to the gating signal G(r) and then coupled to a 
subtraction circuit 221 wherein it is substrated from the 
signal S(t) which also is gated by the signal G(t). The 
voltage at the subtraction circuit output terminal is 
integrated to produce the position voltage Py. The 
gating signal G(t) may be expressed as u(t—t,+7/2) — 
u(t—t,;-7/2), where 7 is the time duration of the hori- 
zontal gating signal the center of which occurs at f= ,, 
t represents the time variable and u(x) is the unit step 
function at x = 0. The output voltage P, at some time 
ty where t, > t, + 7/2 is given by: 


t 
[ Git) S(t) — GK, =f Gr’) S(t’) «| dt 
7 


to 0 


where fo is the time of occurrence of the reset pulse 
(horizontal sync. pulse), K, is the gain constant of inte- 


grator 212 and Kg is the gain constant of integrator 231. 
Therefore: 


fg le t 
AP © P(t,)— P(to) = Kz f G(t)S(t)dt — Kz G(t) K, f 
fo lo bo 
Gt’) S(t') dt’ at 
ttt, "tebe t 
A4P=k, f S(ndt—-K, ff K, J S(t’)dt' 
tye tt, tt, 
+1], +7 le t+t/, 
AP=K, f — S(t+t))dt-K,Kzt/2 fo S(t'+ty)dt'+K Kz fo tSctty)de 
tH, —te —tl, 


output signal of amplifier 132, only targets of negative 
contrast relative to the means value of the gate video 
signals as indicated by the waveform 133 will be pro- 
cessed as targets. 

The principles in accordance with the invention will 
be better understood by a one-dimensional analysis of 
the derivation of the position voltage, Py, which is 
representative of the target position relative to the 
horizontal center of the sensor screen of the TV cam- 
era 50. Although this analysis is directed to the hori- 
zontal dimension, it will be readily observed that a 
similar analysis would be applicable to the vertical 
tracking dimension. For ease of understanding, refer- 
, ence is now directed to FIG. 6 which shows a block 
| diagram of the system of FIGS. 1A and 1B for the 
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The gain constant K, of the integrator 208 is set equal 


40 to 2/7, so that: 


+7/2 
AP= +2K, f 
T —t/2 


tS(t+t,)dt. 


It will be recalled that the 


+, 
J S(t+t,)dt 


—tly 


is maintained a constant value (K3) due to processing 
by the AGC unit so that: 


+1/2 tyt7/, 
ft S(t+n)de (4,)S(t) 
Ape 2KK; —tH, _ 2 KK; t-te 
7 +, = rit, 
i f S(ert)de 7 : S(t)dt 
—tl2 tye 
horizontal tracking dimension. It will be recalled that IES(t) = 0 for | tf, | > 712 then: 
signal, S(t), is coupled from the output terminal of the 
! AGC unit 150 to the signal input terminal of the hori- , (1-14) S(t)dt 
zontal error detector 200. The signal S(t) is the video 65 2 KKy =e ‘ _ 2KKs fo 
signal developed by the TV camera 50 after processing ee +o ~ 4 use a]. 
by the means level processor 80 and the AGC unit 150. Sat 


As explained previously, the signal S(t) is processed by 
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Thus AP is proportional to the deviation of the center 
of the gate from the centroid of S(t) if S(t) = 0 out- 
side of the gate, and if K, is chosen equal to 2/7 while 
the integral of S(t) is maintained constant. It is noted 
from the preceding analysis that the centroid in a given 
dimension is a function of both the energy content of 
the signal and the distribution of this energy in the 
given dimension. 

It will be noted from the previous derivation that the 
error detector just described not only compares the 
energy on alternate sides of the center of the tracking 
gate, but in addition weights (modifies the relative 
value of) this energy as a function of its relative dis- 
tance from the gate center. It has been found that this 
procedure produces error characteristics which result 
in a tracker with greater accuracy and stability than 
prior systems. For a given target video waveform, an 
error characteristic can be plotted by showing the shift 
in gate position per sample, AP, as a function of gate 
error, Eg. Reference is now directed to FIGS. 7 and 8 
wherein the comparison purposes FIG. 7 shows error 
characteristics of a conventional gradient type system 
and FIG. 8 shows the error characteristics for a cen- 
troid tracking system in accordance with the principles 
of the invention. Both FIGS. 7 and 8 are representative 
of the variation of the error characteristics with de- 
creasing range as the target profile (shown at dashed 
lines) grows with respect to a 6 milliradian gate. It may 
be seen that compared to the irregular shape and dou- 
ble null of the gradient system, the centroid system 
offers a well behaved error characteristic shape which 
is very important for tracker stability. If the error curve 
has multiple null points as exhibited by the curves of 
FIG. 7, the tracker gate may oscillate from null to null, 
therefore reducing accuracy and stability. Also, while 
the constant gradient signal processing used in some of 
the prior art trackers tend to track a target edge, the 
system in accordance with the subject invention will 
track the target centroid so long as the track gate size 
is larger than the target. If the target size is larger than 
the gate sizé, the tracker of the subject invention will 
tend to drift towards the target edge but its aim point 
will always be within the target outline by at least one- 
half gate dimension. 

Although only one embodiment of the error detector 
in accordance with the invention has been described 
relative to the system in FIG. 1, it will be appreciated 
that other mechanizations may be employed in accor- 
dance with the principles of the invention. The basic 
characteristics of these various methods of formulation 
of the error detector is the use of two integrators in 
series with two or more gates that are relatively syn- 
chronized. The first gate may be turned on or conduct- 
ing for the horizontal gate period during which time the 
position of the target energy is sampled. For example 
the horizontal error detector shown in FIG. 9 is cou- 
pled to the input terminal 176 which receives the out- 
put signal S(t) from the AGC unit 150 (FIG. 1B) and 
applies the signal to the gate circuit 202. The output 
signal of the gate circuit 202 is then coupled to the 
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input of the reset integrator 208 as explained previ- 
ously relative to the system of FIG. 1. The output signal 
at the terminal 210 of the reset integrator 208 is con- 
nected in parallel to the input circuits of conventional 
video gates 211 and 213. The signal at the output ter- 
minal of the video gates are subtracted in the conven- 
tional subtraction circuit 221 and then coupled to the 
input of the integrator 231. As was described for the 
system of FIGS. 1A and 1B, the output of the integrator 
231 is the positioned voltage P,, which controls the 
horizorital gate position. The resulting error character- 
istics of the system of FIG. 9 is dependent on the timing 
and duration of the gating signals which control the 
gates 211 and 213 at respective terminals 215 and 217 
relative to the horizontal gating signal which activates 
gate 202 at the terminal 204. The first integrator 208 
converts the target energy into a signal which is a func- 
tion of both the target energy content and the position 
(time of occurrence) of this energy relative to the hori- 
zontal tracking gate. Gates 211 and 213 sample the 
output signal of integrator 208 according to a predeter- 
mined timing relationship so that the integral of the 
difference of the output signals of these gates follow a 
desired response function. For example, the gate timing 
shown in FIG. 10 results in an impulse error character- 
istic shown in FIG. 11 which is identical to the impulse 
response of the error detector described relative in 
FIGS. 1A and 1B. The synchronization of the gates 
shown by the waveforms of FIG. 10 is such that during 
a horizontal gate period gate 211 is open and transmits 
the output potential of the reset integrator 208 to the 
summing point 221. During this period the parallel gate 
213 is closed. At the end of the horizontal gate period 
gate 211 is closed and gate 213 is opened and presents 
the reset integrator output voltage to the summing 
point 221 and hence to the summing integrator 231 for 
a period equal to one-half the horizontal gate period 
with a polarity reversed from that presented by the 
channel passing through gate 221. In FIG. 10 the gate 
waveforms are identified by reference numerials which 
are similar to the gate terminals that the signals of the 
characteristics shown control, except that the subscript 
a is added thereto. The waveforms of FIG. 12 shows a 
modification of the timing gate sequence that produces 
a modified centroid impulse error characteristic as 
shown in FIG. 13, which waveforms have the subscript 
b added thereto. Modified error curves may also be 
generated with the embodiment of FIG. 9 by varying 
both the gate timing sequence and by varying the rela- 
tive amplitude gain factors of the two parallel channels. 
In this more general instance, the appropriate error 
characteristic is one in which the output signal P,, re- 
maining on the final integrator at the termination of 
each position measurement period is a constant when 
the input is an impulse signal occurring in the center of 
the horizontal gate period. This requirement is satisfied 
whenever the products of the amplitude gain factor and 
the time in which the controlled gate is open subse- 
quent to the midpoint of the horizontal gate period are 
the same for each channel. An additional design princi- 
ple of this modified error detector which is generally 
desirable but not unconditionally required is that the 
error characteristic be symmetric about the midpoint 
of the gate period. It will be appreciated that the error 
detector in accordanace with the principles of the in- 
vention, may be mechanized for whatever tracking 
response that is most suitable for a given expected 
target profile variation and is not limited to the cen- 
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troid and modified centroid 
described herein. 

The tracking system in accordance with the princi- 
ples of the invention may be utilized in such applica- 
tions as target detection and armament control or for 
missile guidance in air-to-air, ground-to-air or ground- 
to-ground missiles. For example the system of FIG. 14 
shows a homing missile terminal guidance system in- 
corporating the principles of the invention. The opera- 
tor may select the object to be tracked by utilizing the 
acquisition and track procedure described previously. 
The tracking system of FIGS. 1A and 1B, exclusive of 
TV camera 50 and TV monitor 374, is designated unit 
401 in FIG. 14, In response to the video signals of TV 
camera 50, tracker unit 401 provides output voltage Py 
and P,, at terminals 403 and 405 which represent the 
approximate vertical and horizontal centroid, respec- 
tively, of the target image relative to the TV camera 
field of view. These signals P, and P;, may be utilized by 
any suitable conventional missile terminal guidance 
system to direct the flight path of the missile after 
launch. For example, referring to FIG. 14 the elevation 
tracker reference potential Py at the terminal 403 is 
processed by a conventional electronic servomecha- 
nism control amplifier 407 and then coupled on a lead 
409 to a conventional gyroscope torquer unit 410. The 
free gyroscope unit 419 is mechanically precessed by 
the action of the torque unit 410. The gyroscope unit 
419 may be of any suitable conventional type such as 
that shown in FIG. 10-5 (a) page 272 of the text enti- 
tled, “Guided Missile Engineering” published by 
McGraw-Hill Book Company, Mew York. The force 
exerted by the torquer unit 410 is such as to precess the 
gyroscope in the elevation angular direction thereby 
changing the field of view of the TV camera 50, which 
is physically attached to the gyroscope unit 419. The 
resulting angular motion of the TV camera tends to 
point the optical axis more towards the vertical position 
of the designated object, therefore resulting in a de- 
crease of the elevation tracker reference potential at 
the terminal 403. 

In a similar manner the azimuth tracker reference 
potential P,, at a terminal 405 is processed by a conven- 
tional electronic servomechanism control amplifier 
411 and is then coupled on a lead 413 to a conventional 
gyroscope torquer unit 414, The force exerted by the 
torquer unit 414 is such as to precess the gyroscope 
419 in the azimuth angular direction and thereby 
change the field of view of the TV camera 50. The 
resulting angular motion of the TV camera tends to 
point the optical axis more towards the horizontal posi- 
tion of the designated object, resulting in a decrease in 
the azimuth tracker reference potential at the terminal 
405. 

Also the elevation tracker reference potential at the 
terminal 403, P; is coupled on a lead 415 to a suitable 
conventional missile elevation control system 421. In 
response to the signal Py the system 421 mechanically 
drives the missile elevation control surfaces 425. This 
outer servo control loop, which is closed by control 
surface 425, tends to null the line of sight angle of the 
designated object with respect to the missile velocity 
vector. 

In a similar manner, the tracker azimuth reference 
potential at the terminal 405 is coupled on a lead 417 
to a suitable missile azimuth control system 427 which 
drives the missile azimuth control surface 431 and 
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thereby closes the outer servo loop in the horizontal 
direction. 

It is to be noted that the frequency response of the 
servo loop comprising the TV camera 50 and tracker 
system 401 is usually much higher than that of the 
control loop for positioning the camera 50 and gyro- 
scope 419 combination and that the servo loop control- 
ling the missile steering surfaces conventionally pos- 
sesses the longest time response. 

Although but one embodiment of this invention has 
been described herein, it will be appreciated by those 
skilled in the art that other arrangements may be uti- 
lized in accordance with the principles of this inven- 
tion. For instance, variations of the gating signals rela- 
tive timing sequence and gate duration may be utilized 
to produce numerous error characteristic functions 
other than the centroid and modified centroid func- 
tions illustrated herein. Also, since the principles of this 
invention are unaffected by the spectral band of the 
sensor element, any suitable sensor, for example, infra- 
red or ultra-violet types may be used instead of the TV 
camera. Although in the illustrated system the target is 
tracked in two dimensions, it is to be understood that 
the principles of the invention include systems operat- 
ing in one or two dimensions. Further, it is noted that 
the term space is to include any portion of the atmo- 
sphere or of outer space. 

Thus, there has been described a tracking system that 
determines the location of a designated object relative 
to the field-of-view of a sensor. The system produces 
improved tracking accuracy and stability over large 
variations of target images and reduces the affects of 
false targets of different intensity levels. 

What is claimed is: 

1. A system for determining with respect to an optical 
axis the angular location of an object in space in re- 
sponse to energy received therefrom comprising in 
combination: 

transducer means, responsive to energy from a sector 

of said object, for optically scanning increments of 
area of said object with respect to the optical axis 
and developing area signals that are ampltidue 
representative of the relative intensity of the en- 
ergy received from said increments of area; 

gate generator means, coupled to the transducer 

means, for developing a plurality of gating signals; 
and 

error detection means, connected to the gate genera- 

tor means, for developing position signals represen- 
tative of the angular location of said object with 
respect to the optical axis, said error detection 
means including a first integrator and a second 
integrator serially gated to said first integrator. 

2. The system as stated in claim 1, including: 

a mean level processor interposed in circuit between 

said transducer means and said first integrator. 

3. A system for tracking with respect to an optical 
axis the angular location of an object in space in re- 
sponse to energy received therefrom comprising 

transducer means, responsive to energy from a sector 

in space including said object, for sequentially de- 

’ veloping area signals having an amplitude repre- 

sentative of the relative intensity of the energy 
received from increments of area of said object, 

a feedback circuit having an input terminal and an 

output terminal, 

gate generator means coupled to said transducer 

means and said output terminal of said feedback 
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circuit and controlled by said feedback circuit for 
developing a plurality of gating signals that are 
synchronized with the angular location of said ob- 
ject, 


cuit coupled to said output circuit of said first 
integrator, having a gating signal input circuit 
coupled to said input circuit of said error detec- 
tor means and having an output circuit, said 
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gated subtraction means receiving an input signal 
and developing an output signal that is represen- 
tative of the difference of sequentially gated seg- 
ments of said input signal, and 


and error detector means having an input circuit and 5 a second integrator having an input circuit coupled 
an output circuit with said input circuit coupled to to said output circuit of said gated subtraction 
said transducer means and to said gate generator means and having an output circuit coupled to 
means and said output circuit coupled to the input said input terminal of said feedback circuit. 
terminal of said feedback circuit, said error detec- 6. A system for determining with respect to an optical 
tor means responding to said area signals and said 10 axis the angular location of an object in space in re- 
gating signals for developing position signals at said sponse to energy received therefrom comprising 
output circuit, said error detector means including transducer means, responsive to energy from a sector 
first and second integrators and a gated subtraction in space including said object, for optically scan- 
network coupled between said first and second ning increments of area of said object with respect 
integrators. 15 to the optical axis and developing area signals that 
4. The system as set forth in claim 3 with said first are amplitude representative of the relative inten- 
integrator having an output circuit and having an input sity of the energy received from said increments of 
circuit coupled to said input circuit of said error detec- area, 
tor means, a feedback circuit having an input terminal and an 
said gated subtraction means having a first input 20 output terminal, 
signal circuit coupled to said output circuit of said gate generator means coupled to said transducer 
first integrator, having a second signal input circuit means and said output terminal of said feedback 
coupled to the input circuit of said error detector circuit and controlled by said feedback circuit for 
means, having a gating signal input circuit coupled developing a plurality of gating signals that are 
to said gate generator means and having an output 25 synchronized to the angular location of said object, 
circuit means for developing a signal that is repre- and 
sentative of the difference between said area sig- error detector means for producing position signals 
nals and the integral of said area signals, representative of the angular location of said object 
_and said second integrator having an input circuit with respect to the optical axis, said error detector 
coupled to said output circuit of said gated subtrac- 30 means having an input circuit coupled to said trans- 
tion means and an output circuit coupled to said ducer means and said gate generator means and 
input terminal of said feedback circuit. having an output circuit coupled to said input ter- 
5. A system for determining with respect to an optical minal of said feedback circuit, said error detector 
axis the angular location of an object in space in re- means including at least two gated integrators for 
sponse to energy received therefrom comprising 35 developing the position signals, each of said inte- 
transducer means, responsive to energy from a sector grators including, 
in space including said object, for optically scan- a first integrator having an input circuit coupled to 
ning increments of area of said object with respect the input circuit of said error detecting means 
to the optical axis and developing area signals that and having an output circuit, . 
are amplitude representative of the relative inten- 40 first and second gating means each having an input 
sity of the energy received from said increments of circuit coupled to the output circuit of said first 
area, gating means, having a gating signal input circuit 
a feedback circuit having an input terminal and an coupled to said gate generator means and having 
output terminal, an output terminal, . 
gate generator means coupled to said transducer 45 subtracting means having an input circuit coupled 
means and said output terminal of said feedback to the output terminals of said first and second 
circuit and controlled by said feedback circuit for gating means and having an output circuit, and 
developing a plurality of gating signals that are a second integrator having an input circuit coupled 
synchronized to the angular location of said object, to the output circuit of said subtracting means 
and 50 and having an output circuit coupled to the input 
error detector means for producing position signals terminal of said feedback circuit. 
representative of the angular location of said object 7. A system for determining with respect to an optical 
with respect to the optical axis, said error detector _ axis the angular location of an object in response to 
" means having an input circuit coupled to saidtrans- __ energy received therefrom comprising 
ducer means and said gate generator means and 55 _ transducer means, responsive to energy from a sector 
having an output circuit coupled to said input ter- in space including said object, for optically scan- 
minal of said feedback circuit, said error detector ning increments of area of said object with respect 
means including at least two gated integrators for to the optical axis and developing area signals that 
developing the position signals, each of said inte- are amplitude representative of the relative inten- 
grators including, 60 sity of the energy received from the increments of 
a first integrator having an input circuit coupled to area, 
the input circuit of said error detector means and a feedback circuit having an input circuit and an 
having an output circuit, output circuit, 
gated subtraction means having a signal input cir- zi gate generator means coupled to said transducer 


means and said output circuit of said feedback 
circuit and controlled by said feedback circuit for 
developing a plurality of gating signals that are 
synchronized to the angular location of said object 
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relative to the optical axis, 

processor means having an input circuit coupled to 
said transducer means and said gate generator 
means, and having an output signal circuit, for 
providing gated area signals that have a mean am- 
plitude value adjusted to a predetermined value 
and a selectable polarity, 

gain control means having an input circuit coupled to 
said output signal circuit of said processor means 
and having an output signal circuit for providing 
single polarity gated area signals whereby the inte- 
gral of said signals is maintained at a predeter- 
mined constant value, and 

error detector means coupled to said gain control 
means and said gate generator means and respon- 
sive to said area signals and said gating signals for 
developing position signals, said error detector 
means further coupled to said input circuit of said 
feedback circuit, said error detector means includ- 
ing a plurality of serially gated integrators. 

8. A system for determining with respect to an optical 


axis the angular location of an object in response to 
energy received therefrom comprising 


transducer means, responsive to energy from a sector 
in space including said object, for optically scan- 
ning increments of area of said object with respect 
to the optical axis and developing area signals that 
are amplitude representative of the relative inten- 

_ Sity of the energy received from the increments of 
area, 

a feedback circuit having an input circuit and an 
output circuit, 

gate generator means coupled to said transducer 
means and said output circuit of said feedback 
circuit and controlled by said feedback circuit for 
developing a plurality of gating signals that are 
synchronized to the angular location of said object 
relative to the optical axis, 

processor means having an input circuit coupled to 
said transducer means and said gate generator 
means, and having an output signal circuit, for 
providing gated area signals that have a mean am- 
plitude value adjusted to a predetermined value 
and a selectable polarity, 

gain control means having an input circuit coupled to 
said output signal circuit of said processor means 
and having an output signal circuit for providing 
single polarity gated area signals whereby the inte- 
gral of said signals is maintained at a predeter- 
mined constant value, and 

error detector means coupled to gain control means 
and said gate generator means and responsive to 
said area signals and said gating signals for develop- 
ing position signals, said error detector means fur- 
ther coupled to said input circuit of said feedback 
circuit, said error detector means including at least 
two gated integrators, each of said integrators in- 
cluding, 

a first integrator having an output circuit and hav- 
ing an input circuit coupled to said input circuit 
of said error detector means, 

gated subtraction means having a first input signal 
circuit coupled to said output circuit of said first 
integrator, having a second signal input circuit 
coupled to the input circuit of said error detector 
means, having a gating signal input circuit cou- 
pled to said gate generator means and having an 
output circuit means for developing a signal that 
is representative of the difference between said 
os signals and the integral of said area signals, 
an 
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a second integrator having an input circuit coupled 
to said output circuit of said gated subtraction 
means and having an output circuit coupled to 
said input circuit of said feedback circuit. 

9, A system for determining with respect to an optical 
axis the angular location of an object in response to 
energy received therefrom comprising 

transducer means, responsive to energy from a sector 

in space including said object, for optically scan- 
ning increments of area of said object with respect 
to the optical axis and developing area signals that 
are amplitude representative of the relative inten- 
sity of the energy received from the increments of 
area, 

a feedback circuit having an input circuit and an 

output circuit, 

gate generator means coupled to said transducer 

means and said output circuit of said feedback 
circuit and controlled by said feedback circuit for 
developing a plurality of gating signals that are 
sychronized to the angular location of said object 
relative to the optical axis, 

processor means having an input circuit coupled to 

said transducer means and said gate generator 
means, and having an output signal circuit, for 
providing gated area signals that have a mean am- 
plitude value adjusted to a predetermined value 
and a selectable polarity, 

gain contro! means having an input circuit coupled to 

said output signal circuit of said processor means 
and having an output signal circuit for providing 
single polarity gated area signals whereby the inte- 
gral of said signals is maintained at a predeter- 
mined constant value, and 

error detector means coupled to said gain control 

means and said gate generator means and respon- 
sive to said area signals and said gating signals for 
developing position signals, said error detector 
means further coupled to said input circuit of said 
feedback circuit, said error detector means includ- 
ing at least two gated integrators, each of said inte- 
grators including, 

a first integrator having an input circuit coupled to 
said input circuit of said error detector means 
and having an output circuit, 

gated subtraction means having a signal input cir- 
cuit coupled to said output circuit of said first 
integrator, having a gating signal input circuit 
coupled to said gate generator means and having 
an output circuit for developing an output signal 
that is represenative of the amplitude of sequen- 
tially gated segments of said input signal, and 

a second integrator having an input circuit coupled 
to said output circuit of said gated subtraction 
means and having an output circuit coupled to 
said input circuit of said feedback circuit. 

10. In a system for tracking a target having a sensor 
that provides received signals from the target and utiliz- 
ing vertical and horizontal detectors for determining 
the center of a portion of said target. by signal 
weighting, each of said detectors comprising in combi- 
nation: 

a first integrator; and 

a second integrator serially gated to said first integra- 

tor. 

11. The invention as stated in claim 10, including: 

a mean level processor, electrically interposed be- 

tween said sensor and first integrator, and gated to 

said first integrator. 
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